Argentatin B is a naturally occurring tetracyclic triterpene isolated from Parthenium argentatum x P. tomentosa. It was microbiologically transformed to 16, 24-epoxycycloartan-3α, 25-diol, (isoargentatin D), by Nocardia corallina var. taoka ATCC 31338, Mycobacterium species NRRL B3683 and Septomyxa affinis ATCC 6737. The later microbe also produced 16, 24-epoxycycloartan-3 , 25-diol (argentatin D) and 1, 2-didehydroargentatin B, (isoargentatin D). Sodium hydroxide converted argentatin B to argentatin D and isoargentatin D. Hydrochloric acid treatment gave cycloartan-25-ol-3, 24-dione. Cerium sulfate/sulfuric acid/aqueous methanol induced scission of the isopropanol moiety and provided an isomeric mixture of 24-methoxy-25Ð27-trinorargentatin B. Oxidation of this isomeric mixture with pyridinium chlorochromate, selectively, attacked the isomer with the equatorial proton at position-24 to give the corresponding lactone, 24-oxo-25Ð27-trinorargentatin B. The produced compounds were characterized by spectroscopic methods.
Introduction
Incanilin, argentatins A, B, C and D and isoargentatin B are naturally occurring, tetracyclic triterpenes which were isolated from the rubber plant Parthenium argentatum Gray (guayule), Asteraceae (Rodriguez-Hahn et al., 1970; Komoroski et al., 1986 and Romo de Vivar et al., 1990) . These triterpenes were obtained in abundant quantities, during the isolation of antifungal agents from the resin of the guayule hybrid P. argentatum ¥ P. tomentosa (Maatooq et al., 1996) . Several bioactive tetracyclic triterpenes are structurally related to these compounds (Williams et al., 1992; Shi et al., 1992) . Microorganisms and chemical reactions can extend types of compounds by transferring abundant prototypes into new ones. Microorganisms are mimic of plant metabolism and thus produce rare compounds from abundant ones or biologically active and/or less toxic metabolites. In a previous communication, microbial metabolic products of argentatin A and incanilin were isolated (Maatooq and Hoffmann, 2002) . The biotransformation and the chemical conversion of argentatin B, isolation and structural elucidation of the produced compound are described herein. 
Results and Discussion
For the biotransformation of argentatin B, 1, 25 microbes were used for the screening purpose Scale up the reactions with the three microorganisms, Nocardia corallina var. taoka ATCC 31338, Mycobacterium species NRRL B3683 and Septomyxa affinis ATCC 6737 gave metabolite 2 as a common product, while Septomyxa affinis ATCC 6737 produces two more metabolites (3 and 4).
Metabolites 2 and 3 were characterized as isoargentatin D and argentatin D, respectively (Rodriguez-Hahn et al., 1970; Komoroski et al., 1986 and Romo de Vivar et al., 1990) (Table I and Fig. 1 ).
The 13 C-NMR spectrum of metabolite 4 displayed two new olefinic carbon atoms signals at δ 154.2 and 127.3, which were correlated to the proton doublets at 5.94 and 6.77 (J = 11 Hz each), respectively. This concluded that 4 should have a new double bond represented by two olefinic methine groups. The location of this double bond was concluded to be at position 1, since no significant changes in the chemical shifts values at rings C and D. However, position 3 carbonyl resonance is shielded and was found to be at δ 205.1 (ca. 11.4 ppm), which implies the likely dehydrogenation of positions-1 and 2 to give the α, -unsaturated carbonyl group. This is supported by the ap- pearance of a strong absorption bands at 1610 (double bond) and 1670 cm Ð1 in the IR spectrum and a UV absorption of 265.0 nm (Silverstein et al., 1991) . The EIMS gave the parent ion peak at m/z 454 analyzed for C 30 H 46 O 3 which is consistent with the proposed structure for 4 as 16, 24-epoxycycloart-1-en-25-ol (1, 2-didehydroargentatin B) .
Compound 5 . Thus, HCl reaction demonstrated an opening of the side chain epoxide ring followed by oxidation to produce 25-hydroxycycloartan-3, 24-dione.
Oxidation of argentatin B with cerium sulfate/ H 2 SO 4 /aq. MeOH, produced an isomeric mixture. The analysis of the NMR spectral data of this mixture indicated that this reagent induced scission of 24Ð25 bond, followed by methoxylation of position-24 to give an isomeric mixture of 24-methoxy-25Ð27-trinorargentatin B. The EIMS gave m/z 428 [M] + analyzed for C 28 H 44 O 3 . The two isomers were partially separated chromatographically, where 6 was obtained in a pure form and the remaining mixture was oxidized with pyridinium chlorochromate. It was noticed that 7 is completely oxidized to the corresponding lactone, 8, 24-oxo-25Ð27-trinorargentatin B, leaving behind the remains of the unreacted 6. 1.19 (3H, s, H-29) . This indicated the likely loss of the two skeletal methyl groups at positions-26 and 27. HETCOR showed that the proton multiplet at δ 4.09Ð4.20 (2H) was correlated to two methine (DEPT) carbon signals at δ 80.5 and 109.6 which were assigned to positions-16 and 24, respectively. The δ 109.6 chemical shift value is consistent for a deshielded position-24 as a result of another oxygenation. The proton singlet at δ 3.38 (3H) correlated to the carbon signal at δ 55.4 (HETCOR) was assigned to the methoxyl group at position-24. The relative stereochemistry of this methoxyl group at position-24 was determined to be -oriented which inferred from the observed relatively high deshielding of the 13 C-NMR chemical shift of position-24 (δ 109.6) compared to that of 7 (δ 101.2). The overlapping of the proton signals of positions-16 and 24 made it difficult to add further confirmations. The 13 C-NMR data of 6 (Table I) were significantly affected with this transformation compared to that of the substrate (Komoroski et al., 1986) . This is evidenced only at rings-D and E, while rings A, B and C are not affected. C-data for 7 was obtained by subtracting those of 6 from those of the isomeric mixture. The 1 H-NMR spectral data of 7 showed few differences from those of 6. Positions-16 and 24 protons signals appeared at δ 4.57Ð4.68 as multiplet and were correlated (HETCOR) to the carbon signals at δ 70.4 and 101.2, respectively. The protons singlet at δ 3.31 integrated for three protons and was correlated to the methyl carbon signal (DEPT) at δ 54.5 which was assigned to position-24 methoxyl group. The relative stereochemistry of this methoxyl group was assigned to be α-oriented based on the relative shielding of position-24 carbon signal (δ 101.2), compared to that of 6 (δ 109.6). The overlapping of positions-16 and 24 anomeric proton signal made it impossible to get more confirmations.
The 1 H-NMR spectrum of 8 indicated the absence of the methoxyl group, since the proton signal at δ 3.31 was vanished. A downfield shifted single proton multiplet observed at δ 4.92, which was correlated to the carbon signal at δ 81.0, was assigned to position-16, while the anomeric position-24 carbon and proton signals were absent. A new downfield carbon signal at δ 174.2, in 13 C-NMR spectrum, was assigned to position-24-oxo group forming a lactone ring. The location of the lactone ring was also confirmed by its observed deshielding effect on H-16 (ca. δ 0.3) and C-16 (ca. δ 10.0). The IR spectrum showed a strong absorption band at 1680 cm Ð1 (lactone ring). The EIMS of 8 gave m/z 412 as a parent ion peak analyzed for C 27 H 40 O 3 , which is consistent with the proposed structure for the oxidation product to be 24-oxo-25Ð27-trinorargentatin B.
Experimental

Instrumentation
Melting points are uncorrected. IR was conducted on Beckman Acculab I IR spectrometer. UV data were obtained from Beckman Model 26 Spectrophotometer. Optical rotations were measured on Autopole III Automatic Polarimeter (Rudolph Scientific, Fairfield, New Jersey). 
Substrate material
Argentatin B was isolated from Parthenium argentatum ¥ P. tomentosa and was characterized by 1 H-, 13 C-NMR and mass spectrometry (Rodriguez-Hahn et al., 1970; Komoroski et al., 1986 and Romo de Vivar et al., 1990) .
Fermentation methods
Microbial transformation studies were carried out by incubating the cultures, by shaking at 250 rpm, at 25∞. Fermentation was carried out according to the standard two-stages fermentation protocol (Betts et al., 1974) . Preliminary screening experiments were carried out in 125 ml stainless steel capped DeLong culture flasks held one fifth of their volume of the following medium; 2% glucose, 0.5% soybean meal, 0.5% yeast extract, 0.5% NaCl and 0.5% K 2 HPO 4 . The pH of the medium was adjusted to 7.0 using 6 n HCl before autoclaving for 20 m at 121∞ and 15 psi. After inoculation with Nocardia corallina var. taoka ATCC 31338, or Mycobacterium species B3683 NRRL or Septomyxa affinis ATCC 6737, stage I cultures were incubated at 27∞ and 250 rpm for 72 h before being used to inoculate stage II culture flasks. Usually, 10% inoculum volumes are recommended. For screening scale experiments 10 mg of the triterpene in 0.2 ml of DMF-EtOAc, 1:1 v/v, mixture was added to 24-hold stage II cultures, which were incubated again and sampled periodically for analysis.
Sampling
Samples of 1 ml each were taken after 12, 24, 36 and 48 h and every other day for 2 weeks following substrate addition. Each sample was extracted by shaking with 0.5 ml EtOAc and spun at 3000 ¥ g for 1 min in a desk-top centrifuge. EtOAc extract of all samples were spotted on Si gel GF 254 TLC plates, and developed in a suitable solvent system. All the chromatograms were visualized after spraying with 0.01% vanillin/H 2 SO 4 , followed by heating for 5Ð10 s with a heat gun.
Preparative scale conversion of argentatin B with Nocardia corallina (Reaction-A)
Five 2-liter stage II cultures received 2.0 g of argentatin B in 10 ml of DMF-EtOAc, 1:1 (1 mg substrate per ml of culture medium). After incubation for 10 days under the usual condition, the cultures were combined and exhaustively extracted with 3 ¥ 1.5 liter of 10% MeOH/EtOAc. The ethyl acetate extract was concentrated and dried to yield 2.49 g of a dark brown residue.
Preparative scale conversion of argentatin B with Mycobacterium species (Reaction-B)
Seven 2-liter stage II cultures received 2.8 g of argentatin B in 14 ml of DMF-EtOAc, 1:1 (1 mg substrate per ml of culture medium). After incuba-tion for 18 days under the usual condition, the cultures were combined and exhaustively extracted with 3 ¥ 2 liter of 10% MeOH/EtOAc. The ethyl acetate extract was concentrated and dried to yield 3.9 g of a brown residue.
Preparative scale conversion of argentatin B with Septomyxa affinis (Reaction-C)
Ten 2-liter stage II cultures received 4.0 g of argentatin B in 20 ml of DMF-EtOAc, 1:1 (1 mg substrate per ml of culture medium). After incubation for 13 days at 250 rpm and 27∞, the cultures were combined and exhaustively extracted with 3 ¥ 3 liter of 10% MeOH/EtOAc. The extract was concentrated and dried to yield 5.2 g residue.
Isolation and purification of reactions A and B metabolites
The TLC indicated the presence of one major spot more polar than the substrate, in both reactions, at R f = 0.50 (Si gel GF 254 , hexane-EtOAc; 75:25). The crude extract of reactions A (2.49 g) and B (3.9 g) were, separately flash chromatographed, 200 g silica gel, 63Ð200 µ, 2.5 ¥ 45 cm. The elution was adopted using EtOAc/hexane 500 ml each of 5%, 10%, 15%, 20%, 25%, 30% and 100%. Frs 100Ð200 ml each were collected and TLC investigated. Similar frs were pooled together. Frs eluted with 10Ð15% in both reactions gave 1.51 g and 1.72 g of recovered substrate, respectively. Frs eluted with 20% EtOAc/hexane gave 2 as needles (109 mg from reaction A and 256 mg from reaction B), respectively, after prep TLC on 1 mm-thick silica gel GF 254 plates and using 30% EtOAc/hexane as a solvent.
Isolation and purification of reaction C metabolites
The TLC displayed two new reddish-brown spots at R f = 0.52 and 0.50, respectively (Si gel GF 254 , hexane-EtOAc; 75:25). The crude reaction mixture (5.2 g) was subjected to flash chromatography, silica gel, 400 g, 63Ð200 µ, 3.5 ¥ 45 cm. The elution profile was EtOAc/hexane, 1000 ml each of 5%,10%, 15%, 20%, 25%, and 50%. Twenty four frs were collected, 200Ð300 ml each, and TLC investigated. Similar frs were pooled together. Frs eluted with 10Ð15% EtOAc/hexane gave 2.22 gm of recovered substrate. Frs eluted with 15Ð20% EtOAc/hexane gave 2.01 g residue which displaying 3 spots one of them is the substrate. This 2.01 g was subjected to MPLC, 140 g silica gel 15Ð25 µ, 2.5 ¥ 45 cm. The elution was adopted using EtOAc/hexane 500 ml each of 5%, 10%, 15%, 20%, 25% and 50%. Frs 4Ð5 eluted with 10% EtOAc/hexane gave 59 mg of the substrate. Frs eluted with 15% EtOAc/hexane gave three different groups. Frs 8Ð10 afforded 96 mg of 2 as needles. Fr 7 gave 170 mg of 3 as needles. Fr 6 gave 38 mg of 4 which further purified on 1 mmthick prep TLC silica gel GF 254 plates, using 30% EtOAc/hexane as a solvent system. This gave 26 mg of 4 as yellowish gum. Compound 4 is strongly quenching under Uv light. Compounds 2, 3 and 4 possess R f = 0.5, 0.52 and .054 (25% EtOAc/hexane), respectively.
Sodium hydroxide reaction
Argentatin B, 0.50 g was refluxed with 50% methanolic NaOH, 50 ml, overnight. The reaction mixture was diluted with H 2 O (200 ml) and extracted with EtOAc (3 ¥ 150 ml) to give 0.42 g residue. The reaction product was subjected to c. c., 140 g silica gel 63Ð200 µ, 1.5 ¥ 45 cm. The elution was adopted using EtOAc/hexane, 250 ml each of 5%, 10%, 15%, 20%, 25% and 50%. Frs eluted with 15Ð20% displayed 2 spots (R f = 0.5 and 0.52 in 25% EtOAc/hexane). After prep TLC, on 1 mm-thick silica gel GF 254 plates, it gave 93 mg and 52 mg of 2 and 3, respectively.
Hydrochloric acid reaction
Argentatin B, 1.0 g, was dissolved in 50 ml MeOH and 30 ml conc. HCl was added. The mixture was refluxed overnight, then diluted with 300 ml H 2 O and extracted with EtOAc, 3 ¥ 300 ml, to give 0.82 g residue. The reaction product was subjected to c. c., 150 g silica gel 63Ð200 µ, 2.5 ¥ 45 cm. The elution was adopted using 2.0 l 5% EtOAc/hexane, 1.0 l 10%, 1.0 l 15% and 1.0 l 20% v/v. Frs eluted with 10Ð15% gave 240 mg of recovered substrate. Frs eluted with 15Ð20% gave 503 mg of 5 as needles which was purified on 1 mm-thick prep TLC silica gel GF 254 plates, using 30% EtOAc/hexane as a solvent (R f = 0.53).
Cerium sulfate reaction
Argentatin B, 0.5 g, was dissolved in MeOH, 40 ml, then 2.0 g cerium sulfate was added, followed by 10 ml 1:1 H 2 SO 4 /H 2 O. The reaction mixture was refluxed for four h where 100% conversion was observed. The reaction mixture was diluted with H 2 O, 200 ml, and extracted with EtOAc, 3 ¥ 300 ml, to give 0.44 g residue. The reaction product, 0.44 g, was subjected to c. c., 150 g silica gel 63Ð200 µ, 2.5 ¥ 35 cm. The elution was achieved using 2000 ml 5% EtOAc/hexane and 1000 ml 10% EtOAc/hexane. Twelve frs were obtained. Frs 9Ð11 eluted with 10% EtOAc/hexane afforded 168 mg needles (R f = 0.71, 30% EtOAc/ hexane). By NMR this product proved to be an isomeric mixture of equal proportions of 6 and 7. Partial chromatographic separation was obtained by c. c, 140 gm 63Ð200, 1.5 ¥ 45 cm. The eluting solvent was 500 ml 0.5% iso-Pr-OH/hexane, 3000 ml of 1%, 500 ml 2%, 500 ml 5%, 250 ml 10% and 300 ml Me 2 CO. Thirty frs were obtained (100Ð200 ml each). Frs 7Ð10 eluted with 1% isoPr-OH/hexane gave 62 mg of pure 6 as needles (R f = 0.31, 2% iso-Pr-OH/hexane). Frs 4Ð6 eluted with 1% iso-Pr-OH/hexane gave 95 mg unresolved mixture. This isomeric mixture was dissolved in 5 ml CH 2 Cl 2 and 200 mg of pyridinium chlorochromate was added. The reaction mixture was left at room temperature for four h where equilibrium was obtained. Water was added (50 ml) and the reaction mixture was extracted with EtOAc, 3 ¥ 50 ml. The residue left after solvent evaporation was subjected to successive prep TLC on 1 mm-thick silica gel GF 254 plates using 4% isoPr-OH/hexane then 20% Me 2 CO/hexane as a solvent systems. This gave 20 mg of 6 as needles and 23 mg of 8 as needles (R f = 0.32, 20% Me 2 CO/hexane). 4.59 (1H, m, H-16), 3.58 (1H, dd, 5, 5, H-24), 3.28 (1H, dd, 3, 9, H- ; 3410, 2940, 2910, 2860, 1670, 1610, 1460, 1340, 1270, 1160 , 1100, 1060 4.59 (1H, m, H-16), 3.60 (1H, dd, 5, 5, H-24 ), 1.12 (3H, s, H-28), 1.11 (6H, s, H-26 and H-27), 1.10 (3H, s, H-29), 0.95 (3H,s, H-30), 0.92 (3H, d, 7, H-21), 0.88 (3H, s, H-18), 0.91 (1H, d, 5, H-19) and 0.74 (1H, d, 5, H-19Ј 
